The aim of the study is to assess of the biological distance between the populations from the Armenian Plateau and Georgia, with samples from Eastern Europe, and Central Asia on the basis of the frequency of dental non-metric traits. It is well known that these traits are characterised by high inter-population differentiation, low sexual dimorphism, and their recording is loaded by relatively small intra and inter observer error. The dental non-metric traits are successfully used in the description and explanation of the ethnogenetic processes. The comparative analysis was carried out on the basis of 19 populations. The frequency of the dental non-metric traits among all the populations was analysed using the multiple correspondence analysis and the cluster analysis. Analysis results do not allow to concretize the sources of components of the odontological structure of the Classical/Late Antiquity period populations of the Armenian Highland reducing them to the direct influence of representatives of any cultures or communities. Future dental morphology investigation in Armenia should focus on characterizing, with the aid of an identified skeletal collection, the frequencies of traits on an Armenia large sample. This would be only a gateway to a wider (geographically and, more important, chronologically) dental morphology characterization of Armenian peoples.
INTRODUCTION
Dental anthropology is the study of the morphological variation on teeth [36, 45, 47] . Dental traits have been a mainstay of physical anthropological studies for over a century (Swindler, 2002) . Th is variation manifests itself through several nonmetric traits, which are small details in the shape of a tooth crown, in the shape or number of roots, and even on the number of present teeth [36] . Teeth, and particularly the phenotypic traits found on teeth, are the best source of information on biological relationships between populations or subgroups [23, 34] . Th eir formation is independent of uterine infl uence, their evolution is slow and probably independent from natural selection, the development of anatomic traits of teeth is seemingly uncorrelated and presents low sexual dimorphism, and it also relies on a small and stable portion of the genome [41] . Th e genetic factor in the presence of non-metric dental traits is theoretically associated with the presence of alleles and chromosomal loci [36] . Th eir quantity aff ects the expression of the trait, as well as its presence and frequency in a population or subgroup [36] . Odontological traits are used successfully in the description and explanation of both evolutionary and microevolutionary processes.
Th e term non-metric implies structural variations of individual crown and root forms that are visually scored in two ways: "presence-absence" characters such as furrow patterns, accessory ridges, supernumerary cusps and roots, or, as diff erences in form such as curvature and angles [12, 45, 47, 36] . Numerous studies have demonstrated that morphological dental forms respond to the microevolutionary forces of admixture [21, 30, 32, 42] , mutation, genetic drift [19, 22, 37, 38, 35, 42, 43] , and selection [7] , thus evincing their high degree of genetic control.
Historical and archaeological sources enable the rough reconstruction of the population history in the Armenian Plateau and Caucasus. Changes in the population size may be estimated with the use of archaeological survey data and some migrations and/or ethnic changes were attested by written documents [13, 39] . However, the picture obtained from these sources is quite superfi cial, as the real impact of migrations on local population may be only loosely correlated with the change of language or self-identifi cation, not even mentioning the material culture [26] . For that reason, bioarchaeological methods of phenetic affi nity reconstruction are the reliable alternative, especially the research on dental non-metric traits, which are less subject to environmental stress and postmortem alterations than skeletal non-metric traits or metric measurements [36] . In spite of oft en poor preservation and relatively high degree of dental wear, the dental sample is suffi cient for rough estimation of phenetic affi nities between populations inhabiting the Transcaucasian Area in Classical/Late Antiquity.
HISTORICAL AND ARCHAEOLOGICAL BACKGROUND
Th e Armenian Plateau (also known as the Armenian upland, the Armenian highland, or simply as Armenia) is the central and highest of three land-locked plateaus that together form the northern sector of the Middle East [14] . Th e Armenian Plateau was in early history a crossroad linking the worlds of East and West [28] . Th ose who dominated the Armenian Plateau were in a position to control these lucrative trade routes, to exploit the fertile valleys that extended beyond them to the east and west, and to dominate the lowlands to the south. Accordingly, the Armenian Plateau has been an area of frequent military confl ict, and its history was largely determined by external forces [4, 8, 33] .
Th e Classical and Late Antiquity period of the Armenian people covers nine centuries from the 6th century BC to the 3rd century AD. In the fi rst half of the 6th century BC the Armenians fell under the domination of the powerful state of Media. Th e fall of the Median state brought no freedom to Armenia as it changed hands and came under the Persian Achaemenid rulers. Taking advantage of the Gaumata uprising, the Armenians sought to achieve their independence, but Darius I, who had ascended the throne of Iran, crushed the rebellion of the Armenians and wiped out the Armenian state. As a result Armenia was split into two satrapies in the political system of the Achaemenid Empire until its collapse under the blows of Alexander the Great. With the decline of the Achaemenid Empire, local state formations emerged in Armenia; these formally recognized the supremacy of the Seleucid kings until the close of the third century BC when they fell completely under Seleucid sovereignty. But in 189 BC, the kingdom of Great Armenia came into existence bearing the name of its founder Artashes I. Th is kingdom grew into a powerful and prosperous state under Tigranes the Great (95-96 BC) [4, 8, 17] .
Suff ering defeat by Rome, Tigranes lost the lands he had conquered, but preserved its natural boundaries, and the social, economic and political life of the country continued to progress under Tigranes and his son and successor, Artavazdes II (55-34 BC). As early as the third century the capitals of the Yervandids, Armavir and Yervandashat, the capital of Sophene-Arsamosata, and the city of Arkatiakert were notable centres of economy and culture. Urban construction gained substantial impetus under the Artashesid dynasty, and a number of cities sprang up, along Hellenistic lines. Renowned among them were the capital city of Artashat, founded by Artashes I, and Tigranakert, the city of Tigranes the Great, inhabited, according to the exaggerated fi gures of Greek authors [39] , 300 thousand inhabitants. Th e Artashesid kingdom collapsed early in the 1st century AD as Rome, seeking to turn Armenia into a province of the Empire but facing resistance, contented itself with the nomination of puppets to the Armenian throne. Allied with the Parthians, the Armenians strove to resist the expansionist actions of Rome, but in the autumn of 58 the Roman troops conquered Armenia and captured its capital Artashat, But the allied forces of Armenia and Parthia, eventually defeated the Roman invasion and Nero acknowledged Tiridates, the brother of the Parthian king Vologes, as king of Armenia. Th us the kingdom of Armenian Arsacids came to power in Armenia; they fought a life and death battle to preserve the independence of the country and since Rome still clung to the idea of overrunning Armenia, and the Sassanian kings, who had mounted Iran's throne following the breakup of the Parthian kingdom in 226, also fought hard to conquer Armenia [17] .
Armenia has been rich and independent at times, particularly under the dynasties of the Ervandids, the Artashesians, the Arshakunis, and the Bagratunis. At other times, when surrounded by powerful empires or invaded by militant peoples, Armenia found itself only autonomous, semi-autonomous, or completely under foreign dominion. Numberless nomad tribes and peoples pouring in from diff erent parts of Eurasia brought considerable changes in the ethnic composition of the Armenian Plateau population, which was refl ected in further cultural and ethnic processes in this area. Reference to the morphological features of the ancient population of the Armenian Plateau was made in some previous works [18, 22] , which showed the participation of the population from the Eastern Europe and Central Asia in the formation of the anthropological ended of the populations the Armenian Plateau and Caucasus. Th e artifi cial modifi cation of skulls (such as bregmatic, ring deformations of a head was known in the ancient population of the Beniamin, Shirakavan and Karmrakar, Vardbakh) and teeth in Classical/Late Antiquity period on the Armenian Plateau may be related to emerging social complexity and the need to diff erentiate among people, creating a niche for such a highly visual bodily markers [20] .
During the Classical/Late Antiquity period in the Armenian Plateau and in the Caucasus various ethno-cultural groups -Iranic nomads (Scythians, Sarmatians, Sauromatians, Saka) and locals are interacted. Th eir presence in this region perhaps goes back to the 8 th century BC [33] . Th e archaeologists believe that their presence can be attested through the occurrence of their distinctive weapons, their horse harness and objects decorated in the Scythian animal style A. Khudaverdyan [9, 31, 44] . It is generally accepted that in the 7th century BC the Scythians mounted their incursions into the Ancient Near East through the Caucasus. Th e Scythians fi rst appear in Assyrian annals as Ishkuzai, who are reported as pouring in from the north some time around 700 BC, settling in Ascania and modern Azerbaijan as far as to the southeast of Lake Urmia.
Th is is clearly set forth in classical writers (Herodotus in book IV) [13] . Th ey broke through the barrier of the Caucasus in 632 BC and swept down like a swarm of locusts upon Media and Assyria, turning the fruitful fi elds into a desert; pushing across Mesopotamia, they ravaged Syria and were about to invade Egypt when Psammitichus I, who was besieging Ashdod, bought them off by rich gift s, but they remained in Western Asia for 28 years, according to Herodotus. Th eir domain reached from north of the Danube and east of the Carpathians across the fertile plains of eastern central Europe and southern Russia to the River Don. Although the Don formed their eastern boundary, beyond it lived other groups of nomadic peoples culturally similar to the Scythians. Th ese included the Sarmatians [13] , their immediate neighbors to the east. Beyond the Sarmatians lived the Massagetae, and beyond them the Saka. Th e Saka were Asian Scythians and were known as Sai to the Chinese. Th e word Saka, however, was used by the Persians as a general term to include all of the nomadic peoples to the north of the Iranian plateau, in the two Turkestans. A complete description of Scythia has been recorded by Greek authors of the 5th and 4th centuries BC and foremost by Herodotus.
Unfortunately odontological data have not been collected of the Scythian population. Th e detailed analysis of the craniological materials from Armenia allowed to explain not only the complicated anthropological compound of population but also to discover the reason of anthropological and ethnic non-homogeneity in populations of Classical/Late Antiquity period. Intragroup analysis revealed two groups within population [18] . It is necessary to state that carriers of two groups remind one of Scythians from the territory of Moldova, Steppes of Black Sea Coast, Ukraine, Sarmatians from the Volga region and Saka from the territory of Turkmenistan [22] . Th ese conclusions are consistent with those reported by other biodistance studies that examined nonmetric cranial for Armenia samples [29] . Th is scenario is consistent with other archaeological and historical studies of the area [8, 27, 33, 39] which show the long-standing presence of Scythians in the Caucasus [9, 31, 44] .
Th e purpose of this paper is to compare odontological variation among the ancient inhabitants of Transcaucasus (Armenia and Georgia) with samples from Eastern Europe, and Central Asia in order help clarify the origins and interactions between the inhabitants of the Armenian Plateau and neighboring Eurasia.
MATERIALS AND METHODS
In total, the intergroup analysis included 19 series (Tables 1 and 2 ) from the territory of the Transcaucasus (1-8), Eastern Europe (9-11, 14-19), Central Asia (12-13) [5, 10, 16, 19] (Figure. 1) .
Th e Classical and Late Antiquity period (1st century BC -3rd century AD) samples from the Armenian Plateau, examined in this study, include remains from Beniamin, Vardbakh, Black Fortress I, and Karmracar [19] . Th e combination of remains from these 4 sites is justifi ed for three reasons. First, the small sample sizes for sites (Vardbakh, Black Fortress I, Karmracar) were inadequate (from 12-23 individuals) for subsequent biodistance analysis. Second, the Beniamin, Vardbakh, Black Fortress I, and Karmracar sites they represent a cemetery from Shirak Plain. Indeed, the geographic distance among sites is small. Finally, the analysis of all nonmetric traits examined by this study revealed that no signifi cant diff erences exist among remains from the 4 sites, so data from these sites were combined for subsequent statistical analyses [24] . To avoid inter-observer error, all the data were recorded by one observer (Anahit Khudaverdyan).
Several scoring protocols for dental non-metric traits are available, including Zubov's [45, 46] odontoglyphics and the system used by Alt and Vach [2, 3] for kinship studies. Th e method, developed by A.A. Zubova is the most widely employed system in the Russian school of anthropology which is the recommended standard for scoring dental non-metric traits. Th e following 10 odontological traits were used in the comparative analysis: 1) diastema of I 1 -I 1 , 2) crowding of I 1 ; 3) reduction hypocone (forms 3+ and 3) of the upper second molar; 4) carabelli's cusp on M 1 ; 5) four-cusped forms on M 1 ; 6) six-cusped forms on M 1 ; 7) four-cusped forms on M 2 ; 8) defl ecting wrinkle of the metaconid of M 1 ; 9) the variant 2med II position of the second furrow of the metaconid on M 1 ; 10) distal crest of trigonid on M 1 . Th e above-mentioned traits were selected based on the following criteria: 1) the traits should not reveal inter-correlations as for the frequency of occurrence; 2) they should reveal high inter-group variability; c) their degree or variant of formation can not change with an individual's age; 3) it should be easy to fi nd comparative data for different populations. Th ese data were then subjected to the multiple correspondence analysis (MCA) and agglomerative clustering techniques (UPGMA). Th e multiple correspondence analysis (MCA) has several features that distinguish it from other techniques of data analysis. An important feature of the correspondence analysis is the multivariate treatment of the data through simultaneous consideration of multiple categorical variables. Th e multivariate nature of the correspondence analysis can reveal relationships that would not be detected in a series of pairwise comparisons of variable. Th e fi rst axis is the most important dimension, the second axis the second most important, and so on, in terms of the amount of variance accounted for. Useful treatments of the correspondence analysis have been given by J.-P. Benzécri [6] , M.J. Greenacre [11] and J.D. Jobson [15] . UPGMA employs a sequential clustering algorithm, in which local morphological relationships are identifi ed in order of similarity, and the phylogenetic tree is built in a stepwise manner. Agglomerative clustering techniques the unweighted pair-group method/arithmetic average algorithm, which measures similarity as the average distance between all the cases in one cluster to all the cases in another. Here, the average distance between all the cases in the resulting cluster is as small as possible and the distance between two clusters is taken as the average between all the possible pairs of cases in the cluster. We compute two analyses (1 and 2), as many nonmetric dental traits are absent in the groups. Each trait was scored as a binary variable (absence, presence). We calculate the frequencies of the presence of each trait in each group and use these data for computation. Statistical soft ware packages of Kozintseva and Kozintseva (Museum of Anthropology and Ethnography name aft er Peter the Great, St. Petersburg), and Stat Soft STATISTICA 6.0 were used for this analysis.
RESULTS AND DISCUSSION
Global processes led to cultural and genetic transformations within Transcaucasia. In the present study, we investigate the potential eff ects of gene fl ow among the population samples of Transcaucasia. According to the results of the odontological analysis, these eff ects provide a typical picture of infi ltration, from the 8th century BC up to the 3rd century AD, of groups alien to the ethnic groups of the Transcaucasia.
Analysis No. 1. Th e value for the fi rst three coordinates given in Table 4 . Th e analysis included the groups of the Armenian Plateau, Eastern Europe, Central Asia (Table 1: No 1 -13, 15, 18-19) in which the researchers fi xed nonmetric traits.
Th e fi rst two coordinate values are also presented in Table 3 with the placement of the 16 sample coordinate axis determined by the fi rst dimension value of 32.6% of inertia and dimension 2 with 25.5%. Th e positive weight (dimension 1) given for maximum the hypocone reduction on M 2 (0.824), the Carabelli cusp on M 1 (0.700) and the 2 med (II) (0.699). Th e negative weight is attributed to the four-cusp lower second molars (-0.637). Th e positive weight (on dimension 2) given for maximum the four-cusp lower second molars (0.672) and the I 1 -I 1 diastema (0.646). Th e highest negative loading is the four-cusp lower fi rst molars (-0.731). Th e third dimension accounts for the 16.0% of the intergroup. Th e positive weight gives the defl ecting wrinkle of metaconid (0.945).
Th e graph of the fi rst two dimensions is shown in Figure 2 , it demonstrates how geographic and ethnic trends are vizualised. Th e groups from Georgia (Classical/Late Antiquity period: (2) I noted that on the positive coordinates of the fi rst axis, the highest loading dental traits are the hypocone reduction of the maxillary second permanent molar and the Carabelli cusp on the upper fi rst molar (Table 3) . Th ese traits show a higher dimension in the groups from the Armenian Plateau ( (1) Th e Georgia Early Feudal sample ((5) Dzinvali) and the sample from the Volga region ((9) Bol`shaya Tarkhanskaya) exhibit affi nities to one another. For the defl ecting wrinkle of metaconid, the four-cusp lower second molars, and the Carabelli cusp on the upper fi rst molar traits, the samples from the Volga region ((9) Bol`shaya Tarkhanskaya) and Georgia (Early Feudal period: (5) Dzinvali)) generally have higher frequencies of expression. Th e biologically admixed group (combined European and mongoloid descent) from ((9) the Volga region: Bol`shaya Tarkhanskaya) has a more complicated pattern of phenotypic relationships [25] . Th e craniological analysis confi rms that this population (Bol`shaya Tarkhanskaya) was ethnically mixed [1] . Th e Early Feudal period sample from Georgia ( (7) (17) Livi: c. 1000-1300AD), and the new non-metric traits of double shoveling, six-cusp lower fi rst molars, distal trigonid crest.
Th e fi rst two coordinate values are given in Table 4 and the placement of the samples' coordinate axis was determined by values of dimension 1 with 35.9% and dimension 2 with 27.9% of inertia, respectively. Th e character of attribute connection in these coordinates shows that the large fi rst coordinate axis values correspond to groups with four-cusp lower fi rst molars (0.899) and double shovelling (0.872). Th e negative weight gives the four-cusp lower second molars (-0.905). Th e second coordinate axis are maximum for the six-cusp lower fi rst molars (0.748), the distal trigonid crest (0.705) and the defl ecting wrinkle of metaconid (0.621). Th e third coordinate axis accounts for 12.3% of the intergroup, and the weight gives the Carabelli cusp on the upper fi rst molar.
Th e graph of the fi rst two dimensions in Figure 4 shows that the groups from Georgia ( (3) Tables 1and 2 (No 1, 3, 4, 5, 7, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
A. Khudaverdyan I noted that on the positive coordinates of the fi rst axis, the highest loading dental traits are the four-cusp lower fi rst molars and double shovelling (Table 4) Th e distance between the samples is checked in the cluster tree in Figure 5 . Th e results there show that the Ancient time sample from Georgia ((4) Mckheti -total group) exhibits the closest affi nity with the samples from the Don region ((10) Dmitrovskaya and (11) Mayackaya). Th e Georgia sample ( (7) Th e analysis of the main odontological traits in these series indicates that their frequencies fi t within the range characteristic for the European dental complex and the biologically admixed groups. Tables 1 and  2 (No 1, 3, 4, 5, 7, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Th e biologically admixed group ((1) Armenian Highland: Beniamin-Vardbakh-Black Fortress I-Karmrakar) has a more complicated pattern of phenotypic relationships. Th e sample from the Armenian Plateau (1) is not similar to any other sample. As it is seen from Table 2 the high value of dental morphological traits is revealed -double shoveling, distal ridge of trigonid and defl ecting wrinkle of metaconid.
Th e ratio of results of migration and the autochthonic development of populations during ethnogenetic processes -one of the main questions of historical science. Anthropological data for historical reconstruction allow to establish the migration fact (through fi xing of changes in an anthropological cover within this region on this chronological cut). Th e elements of material culture and language extend not only as a result of migration, but also water of interpopulation, interethnic contacts. Meanwhile the emergence of a new anthropological complex in that territory where it is not recorded earlier is always the result of migration of the new population. So, frequencies of defl ecting wrinkle of metaconid, distal ridge of trigonid and double shoveling in the territory of Armenia during the Bronze Age are lower [23] , than in Classical/Late Antiquity time. Th e odontological material to a big degree will be coordinated with craniological [22] and non-metric cranial traits [24, 29] .
Th e samples from Georgia (Classical/Late Antiquity period and Early Feudal period) have also a complicated pattern of phenotypic relationships. Th e increase is observed in the groups from the territory of Georgia, too [16] . So defl ecting the wrinkle of metaconid increases from the Bronze Age to Classical/ Late Antiquity. In (5) Dzinvali's group (Early Feudal period) the increase in the distal ridge of trigonid is observed. In (7) Mtskheti's I group the increase in the frequency of double shoveling is observed. Morphological characteristics of the population of Transcaucasia could be transformed by the infl uence of the other population at which the odontological type there was double shoveling, the distal ridge of trigonid, defl ecting the wrinkle of metaconid. You should not exclude that Ronsky, Zikarsky, Mamisonsky and other pass along with the military-Georgian road, which could be the channel of an infi ltration of Scythians, Sakas, etc. tribes from the North Caucasus to Georgia and the Armenian Plateau, confi rming archaeological data [9, 31, 44] .
Th is assertion requires further exploration. In spite of this possibility, it is clear that the techniques employed in this study would have made it more likely to fi nd signifi cant diff erences among the samples, if any existed.
CONCLUSIONS
Dental non-metric traits diff erentiated markedly the comparative populations that belong to diff erent ethnic and cultural complexes. Th erefore, they are a good method for studying the biological diff erentiation of skeletal populations. Th e analysis results do not allow to concretize sources of components of odontological structure of the Classical/Late Antiquity period populations of the Armenian Highland reducing them to the direct infl uence of the representatives of any cultures or communities. Future dental morphology investigation in Armenia should focus on characterizing, with the aid of an identifi ed skeletal collection, the frequencies of traits on an Armenia large sample. Th is would be only a gateway to a wider (geographically and, more important, chronologically) dental morphology characterization of Armenian peoples. Th at would be an important achievement in the search for the genetic infl uences behind the several culturally diversifi ed groups who passed through in the current Armenia territory, coloring our history books and defi ning our present identity
